
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

00
1 

95
6

B
1

TEPZZ ZZ_956B_T
(11) EP 2 001 956 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
21.02.2018 Bulletin 2018/08

(21) Application number: 07759679.9

(22) Date of filing: 29.03.2007

(51) Int Cl.:
C08L 33/06 (2006.01) C08L 33/08 (2006.01)

C08L 67/04 (2006.01) D01F 6/62 (2006.01)

D01F 6/92 (2006.01)

(86) International application number: 
PCT/US2007/065478

(87) International publication number: 
WO 2007/115081 (11.10.2007 Gazette 2007/41)

(54) POLYLACTIC ACID-CONTAINING RESIN COMPOSITIONS

POLYMILCHSÄUREHALTIGE HARZZUSAMMENSETZUNGEN

COMPOSITIONS DE RESINE CONTENANT DE L’ACIDE POLYLACTIQUE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC MT NL PL PT RO SE 
SI SK TR

(30) Priority: 31.03.2006 JP 2006097917

(43) Date of publication of application: 
17.12.2008 Bulletin 2008/51

(73) Proprietor: 3M Innovative Properties Company
St. Paul, MN 55133-3427 (US)

(72) Inventor: SAKURAI, Aizoh
Setagaya-ku, Tokyo 158-8583 (JP)

(74) Representative: Vossius & Partner 
Patentanwälte Rechtsanwälte mbB
Siebertstrasse 3
81675 München (DE)

(56) References cited:  
EP-A1- 1 721 936 EP-A1- 1 887 029
WO-A1-2005/085352 JP-A- 09 316 310
US-A- 5 489 474 US-A- 5 861 461

• DATABASE CA [Online] CHEMICAL ABSTRACTS 
SERVICE, COLUMBUS, OHIO, US; 10 October 
2003 (2003-10-10), KUMASAWA, SADANORI ET 
AL: "Poly(lactic acid) compositions and their 
transparent, flexible moldings, films, and sheets 
with suppressed bleed out", XP002725157, 
retrieved from STN Database accession no. 
2003:793687 -& JP 2003 286401 A (TORAY 
INDUSTRIES, INC., JAPAN) 10 October 2003 
(2003-10-10)



EP 2 001 956 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] This disclosure relates to polylactic acid-containing resin compositions, methods for producing such composi-
tions, and use of such
compositions for the preparation of sheets and fibers.

BACKGROUND

[0002] Polylactic acid (referred to herein as "PLA") is becoming an important industrial chemical because it is a bio-
degradable plastic that is not derived from petroleum. PLA is a renewable resource that is derived from corn, potatoes,
and various plants. PLA is referred to as a carbon circulation-type plastic because it is produced from lactic acid and
after use can be broken down to water and carbon dioxide through biodegradation or incineration.
[0003] PLA is transparent, has a mechanical strength at room temperature that is close to that of polyethylene tereph-
thalate (PET), and is easily manipulated. Because of these characteristics, PLA is expected to become a general-purpose
plastic material that is commonly used in daily life.
[0004] PLA does however have drawbacks based on its heat resistance, fragility, and low flexibility. Enhancing the
flexibility of PLA has received much attention, and numerous methods for improving that characteristic have been
proposed.
[0005] In one method of improving the flexibility, other aliphatic ester, ether or carbonate components are introduced
into the polylactic acid skeleton by copolymerization in order to impart more flexibility. This method increases the cost
of the resulting product because of the nature and amount of the added components.
[0006] Another method of improving the flexibility adds a plasticizer having a low molecular weight (for example,
polyethylene glycol) to the PLA. However, addition of a plasticizer causes bleeding (separation) of the plasticizer from
the surface, which can result in a sticky, tacky surface.
[0007] A further method adds an acrylic acid ester resin having a relatively low glass transition temperature (Tg) to
the PLA (see J.L. Eguiburu et. al., Polymer, Vol. 39, No. 26, page 589 (1998)). Similarly, Japanese Unexamined Patent
Publication (Kokai) No. 2003-286401 (JP ’401) describes a PLA-containing resin composition comprising polylactic acid
and a second polymer mainly comprising an unsaturated alkyl carboxylate-based unit that has a glass transition tem-
perature of 10°C or less. The weight average molecular weight of the second polymer is 30,000 g/mole or less. Japanese
Unexamined Patent Publication (Kokai) No. 2004-10842 (JP ’842) describes a PLA resin composition comprising (a) a
PLA and (b) an acrylic acid ester-based oligomer having a constitutional unit represented by:

wherein R1 represents an alkyl group having a carbon number of 1 to 3.
[0008] These methods provide typically do not provide a PLA resin with the desired combination of flexibility and
elongation properties. Further, in some of the known compositions where a second polymeric or oligomeric material is
added to the PLA and the compositions are held room temperature for several days, the second polymeric or oligomeric
material can separate from the composition resulting in a sticky texture that is not useful.
[0009] Therefore, there remains a need for further methods of enhancing at least one property of a PLA composition.

SUMMARY

[0010] A PLA-containing resin composition is described that comprises (a) a PLA and (b) a (meth)acrylic copolymer
having a molecular weight in excess of 30,000 g/mole. The (meth)acrylic copolymer comprises the polymeric reaction
product of a monomer mixture that includes a methyl (meth)acrylate (i) and at least one (meth)acrylic acid ester (ii)
represented by formulas (II) or (III):

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)
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wherein

R1 is -H, or -CH3;
R3 is -CH3, or -CH2CH3;
Ph is -C6H5; and
m and n are each independently an integer that is greater than or equal to 1.

[0011] PLA-containing resin films and fibers obtained by processing PLA-containing resin compositions are also dis-
closed. PLA-containing resin articles obtained by processing PLA-containing resin compositions into three-dimensional
articles are also disclosed.
[0012] A method for preparing the (meth)acrylic copolymer that can be used in the PLA-containing resin composition
is described. The method involves combining (a) a monomer mixture capable of forming the (meth)acrylic copolymer
upon polymerization by exposure to transmissive energy and (b) a packaging film for packaging the monomer mixture.
The monomer mixture comprising the methyl (meth)acrylate (i) and the (meth)acrylic acid ester (ii). The packaging film
comprises PLA as a main component and is transparent to the transmissive energy. The method further includes exposing
the combination of the monomer mixture and the packaging film to the transmissive energy, thereby forming the
(meth)acrylic copolymer upon polymerization of the monomer mixture.

DETAILED DESCRIPTION

[0013] A PLA-containing resin composition as disclosed herein comprises (a) a PLA and (b) a (meth)acrylic copolymer.
In this resin composition, the (meth)acrylic copolymer comprises a methyl (meth)acrylate (i) and at least one (meth)acrylic
acid ester (ii) selected from
a (meth)acrylic acid ester of formula (II), a (meth)acrylic acid ester of formula (III), or a combination thereof.

Polylactic acid (PLA)

[0014] The polylactic acid (PLA) component that can be used in a composition as disclosed herein can include PLAs
that are generally known to those of skill in the art. This can include, but is not limited to, a poly(L-lactic acid) where the
constituent units comprise only L-lactic acid; a poly(D-lactic acid) where the constituent units comprise only D-lactic acid;
and a poly(D/L-lactic acid) where both L-lactic acid units and D-lactic acid units are present in various ratios. Also, a
copolymer of an L- or D-lactic acid with an aliphatic hydroxycarboxylic acid other than lactic acid such as glycolic acid,
3-hydroxybutyric acid, 4-hydroxybutyric acid, 4-hydroxyvaleric acid, 5-hydroxyvaleric acid, or 6-hydroxycaproic acid may
be used as the PLA. Any one of these PLAs may be used alone, or two or more different PLAs may be used in combination.
[0015] The PLA used in a composition as disclosed herein can be produced by methods known to those of skill in the
art. Such methods include, but are not limited to, direct dehydration-polycondensation of L-lactic acid, D-lactic acid, or
both D- and L-lactic acid. The PLA may also be produced by ring-opening polymerization of lactide, which is a cyclic
dimer of lactic acid. Ring-opening polymerization, if utilized, may be performed in the presence of a compound having
a hydroxyl group, such as a higher alcohol and hydroxycarboxylic acid. Copolymers of lactic acid with other aliphatic
hydroxycarboxylic acids can be produced by dehydration-polycondensation of lactic acid and the other aliphatic hydrox-
ycarboxylic acid. Copolymers of lactic acid with other aliphatic hydroxycarboxylic acids may also be produced by ring-
opening copolymerization of lactide with a cyclic form of the other aliphatic hydroxycarboxylic acid. Furthermore, methods
such as those described in Japanese Unexamined Patent Publication (Kokai) Nos. 2003-286401 and 2004-10842 may
also be used.
[0016] In some embodiments, (a) an aliphatic polyester resin containing a lactic acid unit, an aliphatic polyvalent
carboxylic acid unit and an aliphatic polyhydric alcohol unit, (b) an aliphatic polyester resin containing an aliphatic
polyvalent carboxylic acid and an aliphatic polyhydric alcohol, or (c) an aliphatic polyester resin containing a lactic acid
unit and a polyfunctional polysaccharide may be used as the constituent unit of the PLA.
[0017] Specific examples of aliphatic polyvalent carboxylic acids include, but are not limited to, oxalic acid, succinic
acid, malonic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, undecanoic diacid, dodecanoic
diacid, anhydrides thereof, and mixtures thereof. Such aliphatic polyvalent carboxylic acids may be used as an acid
anhydride or a mixture with the acid anhydride. Specific examples of aliphatic polyhydric alcohols include, but are not
limited to, ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, propylene glycol, dipropylene glycol,
1,3-butanediol, 1,4-butanediol, 3-methyl-1,5-pentanediol, 1,6-hexanediol, 1,9-nonanediol, neopentyl glycol, tetrameth-
ylene glycol, 1,4-cyclohexane dimethanol, and mixtures thereof.
[0018] An aliphatic polyester resin comprising a lactic acid unit, an aliphatic polyvalent carboxylic acid unit and an
aliphatic polyhydric alcohol unit may be produced by reacting an aliphatic polyvalent carboxylic acid (examples of which
are given above) and aliphatic polyhydric alcohol (examples of which are given above) with a polylactic acid, a copolymer
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of lactic acid and another hydroxycarboxylic acid, or the like. Alternatively, the aliphatic polyester resin may be produced
by reacting an aliphatic polyvalent carboxylic acid and aliphatic polyhydric alcohol with lactic acid. The aliphatic polyester
resin may also be produced by reacting an aliphatic polyvalent carboxylic acid and an aliphatic polyhydric alcohol with
lactide, or with cyclic esters of the above-described hydroxycarboxylic acid.
[0019] An aliphatic polyester resin comprising an aliphatic polyvalent carboxylic acid and an aliphatic polyhydric alcohol
can be produced by reacting an aliphatic polyvalent carboxylic acid and an aliphatic polyhydric alcohol.
[0020] Examples of polyfunctional polysaccharides for use in producing an aliphatic polyester resin containing a lactic
acid unit and a polyfunctional polysaccharide include, but are not limited to, cellulose, cellulose nitrate, cellulose acetate,
methylcellulose, ethylcellulose, carboxymethylcellulose, nitrocellulose, regenerated cellulose such as Cellophane®, vis-
cose rayon and cupra, hemicellulose, starch, amylopectin, dextrin, dextran, glycogen, pectin, chitin, chitosan, derivatives
thereof, and mixtures thereof. In one embodiment, cellulose acetate or ethylcellulose can be utilized as the polyfunctional
polysaccharide.
[0021] An aliphatic polyester resin containing a lactic acid unit and a polyfunctional polysaccharide can be produced
by reacting the polyfunctional polysaccharide with, for example, a lactic acid, a polylactic acid or a copolymer of lactic
acid and another hydroxycarboxylic acid. Alternatively, an aliphatic polyester resin can be produced by reacting a poly-
functional polysaccharide with, for example, lactide, or a cyclic ester of a hydroxycarboxylic acid.
[0022] Some PLA-containing resin compositions include an aliphatic polyester resin that contains a lactic acid com-
ponent, such as a homopolymer of lactic acid, a copolymer of different lactic acids (a copolymer of different lactic acids
includes a copolymer of L-lactic acid and D-lactic acid, and a copolymer of a homopolymer of lactic acid and a lactate
copolymer), and a copolymer of lactic acid and an aliphatic hydroxycarboxylic acid other than lactic acid. If optical
transparency is desired, the lactic acid component is generally at least 50 percent by weight of the copolymer.
[0023] Other PLA-containing resin compositions include an aliphatic polyester resin comprising lactic acid, aliphatic
polyvalent carboxylic acid and aliphatic polyhydric alcohol can be utilized. If optical transparency is desired, the lactic
acid component is generally at least 50 percent by weight of the aliphatic polyester resin.
[0024] The molecular weight of the PLA can be chosen to provide desired physical properties of the resultant products
that are formed from the PLA-containing resin composition. Therefore, the molecular weight of the PLA can vary as long
as an article such as, for example, a container, film, sheet, or plate formed from the resin composition has satisfactory
physical properties. Generally, as the molecular weight of the PLA is decreased, the strength of a product formed from
the composition is reduced and the decomposition rate is increased. As the molecular weight of the PLA is increased,
the processability of the composition decreases and forming (e.g., shaping) an article from the resin composition can
become more difficult.
[0025] In an embodiment where the elongation properties of an article are important, the weight average molecular
weight of the PLA is about 10,000 g/mole or more. In another embodiment where the elongation properties of an article
are important, the weight average molecular weight of the PLA is about 50,000 g/mole or more. The upper limit of the
weight average molecular weight does not have an appreciable effect on the ability to form a film or a sheet but is
generally about 2,000,000 g/mole or less. Accordingly, in one embodiment when a film- or sheet-shaped article is to be
produced, the weight average molecular weight of the PLA is usually from about 10,000 to 2,000,000 g/mole.
[0026] In one embodiment, the weight average molecular weight of the PLA is from about 10,000 to 5,000,000 g/mole
as measured by gel permeation chromatography (GPC). In another embodiment, the weight average molecular weight
of the PLA is generally from about 50,000 to 2,000,000 g/mole as measured by GPC. In yet another embodiment, the
weight average molecular weight of the PLA is from about 70,000 to 1,000,000 g/mole as measured by GPC. In a further
embodiment, the weight average molecular weight of the PLA is from about 90,000 to 500,000 g/mole as measured by
GPC.

(Meth)acrylic Copolymer

[0027] As discussed above, a PLA-containing resin composition also includes a (meth)acrylic copolymer as the second
polymeric component. The (meth)acrylic copolymer comprises the polymeric reaction product of a methyl (meth)acrylate
(i) and at least one (meth)acrylic acid ester (ii) selected from
a (meth)acrylic acid ester of formula (II), a (meth)acrylic acid ester of formula (III), or combinations thereof:

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)

wherein

R1 is -H, or -CH3;
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R3 is -CH3, or -CH2CH3;
Ph is -C6H5; and
m and n are each independently an integer that is greater than or equal to 1.

[0028] Properties of the PLA-containing resin composition such as its miscibility can be dictated, at least in part, based
on the (meth)acrylic copolymer contained therein. In some embodiments, the composition can be a miscible (i.e., com-
patible) system blend where the methyl (meth)acrylate (i) and the (meth)acrylic acid ester (ii) are miscible (hereinafter
this (meth)acrylic copolymer is sometimes referred to as a "(meth)acrylic copolymer (B1)"); or a partially miscible (i.e.,
partially compatible) system blend where the methyl (meth)acrylate (i) and the (meth)acrylic acid ester (ii) are partially
miscible (hereinafter this copolymer is sometimes referred to as a "(meth)acrylic copolymer (B2)"). However, whether
the composition is a compatible system or a partially compatible system is not necessarily entirely dictated by the
(meth)acrylic copolymer used and may also vary depending on the PLA that is used. Specifically, it can be affected in
part, by the kind of crystals or the difference in the crystals, for example, due to the amount of the L-form or the D-form
of lactic acid in the PLA.

Miscible and Single Phase System - (Meth)acrylic Copolymer (B1)

[0029] The (meth)acrylic copolymer (B1) can be the polymeric reaction product of a methyl (meth)acrylate (i) and at
least one (meth)acrylic acid ester (ii) represented by formula (II),

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

wherein

R1 is -H, or -CH3
m is an integer of 3 or more, and
R3 is -CH3 or -CH2CH3.

The resulting PLA-containing resin composition is mainly compatible. That is, the composition is a miscible blend and
is a single-phase system (i.e., the composition is not separated into two or more phases).
[0030] In one embodiment, one compound of formula II may be used, and in another embodiment, two or more different
compounds of formula II may be used in combination.
[0031] In an embodiment where m is 3, and the PLA is amorphous, the system is a miscible and present as a single
phase. But conversely, in an embodiment where m is 3 and the PLA is crystalline, the system is partially miscible and
phase-separated (i.e., the composition is not a single phase).
[0032] In one embodiment, m is an integer of 3 or more, and various compounds of formula (II) may be used as the
(meth)acrylic acid ester (ii). In another embodiment, m is an integer from 3 to 23. Suitable examples of the (meth)acrylic
acid ester (ii) of formula (II) include, but are not limited to, a methoxytriethylene glycol acrylate, a methoxynonaethylene
glycol acrylate, and combinations thereof.
[0033] The (meth)acrylic copolymer (B1) may be prepared by copolymerizing a methyl (meth)acrylate (i) and a
(meth)acrylic acid ester (ii) by any method known to one of skill in the art. In one embodiment, a free-radical copolym-
erization method can be used. The weight ratio of the methyl (meth)acrylate (i) to the (meth)acrylic acid ester (ii) may
be varied over a wide range according to the desired composition or properties of the copolymer. Generally, the weight
ratio of methyl(meth)acrylate(i) to (meth)acrylic acid ester (ii)) is from 95:5 to 30:70. For example, the weight ratio of
methyl(meth)acrylate(i) to (meth)acrylic acid ester (ii) can be in the range of 95:5 to 50:50. If the content of the (meth)acrylic
acid ester (ii) is less than 5 parts by weight, the flexibility that is imparted to the PLA-containing resin composition can
be insufficient. If the amount of (meth)acrylic acid ester (ii) exceeds 70 parts by weight, the (meth)acrylic copolymer (B1)
may be gelled by a diacrylate impurity in the (meth)acrylic acid ester (ii). However, if the diacrylate impurity in the
(meth)acrylic acid ester (ii) is removed, the content of the (meth)acrylic acid ester (ii) can exceed 70 parts by weight.
Optionally, other vinyl monomers may be copolymerized in the (meth)acrylic copolymer, if desired. Suitable examples
of vinyl monomers for copolymerization include, but are not limited to, a (meth)acrylic acid ester, a 2-hydroxyethyl
(meth)acrylate, a glycidyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acrylate, and combinations thereof.
[0034] The molecular weight of the (meth)acrylic copolymer (B1) may be varied based, at least in part, on the particular
(meth)acrylic acid ester (ii) utilized or on the weight ratio of the methyl(meth)acrylate(i) to (meth)acrylic acid ester (ii). In
one embodiment, the (meth)acrylic copolymer (B1) has a weight average molecular weight greater than about 30,000
g/mole as measured by GPC. For example, the weight average molecular weight of the (meth)acrylic copolymer (B1)
can be from about 50,000 to 2,000,000 g/mole as measured by GPC. If the weight average molecular weight of the
(meth)acrylic copolymer is less than about 30,000 g/mole, bleed-out of the (meth)acrylic copolymer (B1) can occur that
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can age the composition and that can result in a sticky texture that is difficult to utilize. If the molecular weight of the
(meth)acrylic copolymer (B1) exceeds 2,000,000 g/mole, the viscosity of the (meth)acrylic copolymer (B1) is increased
and mixing it with the PLA can be difficult.

Partially Miscible and Phase-Separated System Blend - (Meth)acrylic Copolymer (B2)

[0035] The (meth)acrylic copolymer (B2) can be the polymeric reaction product of a methyl acrylate (i) and a (meth)acryl-
ic acid ester (ii) of: formulas (II) or (III),

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)

wherein

R1 is -H, or -CH3;
R3 is -CH3 or -CH2CH3;
m is an integer from 1 to 3;
n is an integer of 1 or more; and
Ph is -C6H5.

The resulting PLA-containing resin composition is mainly a partially miscible blend and phase-separated system (the
composition has more than a single phase).
[0036] In one embodiment, one compound of formulas (II) or (III) may be used alone, and in another embodiment,
two or more different compounds of formulas (II) or (III) (including two compounds of the same formula) may be used
in combination.
[0037] In another embodiment various compounds of formula (II) may be utilized as the (meth)acrylic acid ester (ii).
Suitable examples of the (meth)acrylic acid ester (ii) of formula (II) include, but are not limited to, a methoxyethyl acrylate.
In some embodiments where the PLA is amorphous, a completely miscible and single phase system can be formed
instead of a partially miscible and phase-separated system even under the above-described conditions.
[0038] In yet another embodiment, various compounds of formula (III) may be used as the (meth)acrylic acid ester
(ii). In one embodiment, a compound of formula (III), where n is from 1 to 3 is utilized. Suitable examples of (meth)acrylic
acid ester (ii) selected from formula (III) include, but are not limited to, a phenoxyethyl acrylate, phenoxytetraethylene
glycol acrylate, and combinations thereof.
[0039] The (meth)acrylic copolymer (B2) may be prepared by copolymerizing a methyl (meth)acrylate (i) and a
(meth)acrylic acid ester (ii) by any method known to those of skill in the art. In one embodiment, a free-radical copoly-
merization method can be used.
[0040] The weight ratio of the methyl (meth)acrylate (i) to the (meth)acrylic acid ester (ii) may be varied over a wide
range according to the desired composition, properties of the (meth)acrylic copolymer, or properties of the PLA-containing
resin in which it will be used. Generally, the weight ratio of methyl(meth)acrylate (i) to (meth)acrylic acid ester (ii)) is 95:5
to 30:70. For example, the weight ratio of methyl(meth)acrylate (i) to (meth)acrylic acid ester (ii) can be in the range of
95:5 to 50:50. If the content of the methyl (meth)acrylate (i) exceeds 95 parts by weight, the glass transition temperature
of the (meth)acrylic copolymer (B2) is generally not sufficiently low and the flexibility imparted to the PLA-containing
resin composition could be insufficient. If the amount of methyl(meth)acrylate (i) is less than 30 parts by weight, the
miscibility between the two components decreases and the phase separation structure (i.e., phase-separated structure)
of the PLA and the (meth)acrylic copolymer (B2) may be compromised. Optionally, other vinyl monomers may be
copolymerized with the methyl(meth) acrylate (i) and the (meth)acrylic acid ester (ii), if desired. Suitable examples of
vinyl monomers for copolymerization include, but are not limited to, a (meth)acrylic acid ester, a 2-hydroxyethyl (meth)acr-
ylate, a glycidyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acrylate, and combinations thereof.
[0041] The molecular weight of the (meth)acrylic copolymer (B2) may be varied based, at least in part, on the particular
(meth)acrylic acid ester (ii) utilized, or the weight ratio of methyl(meth)acrylate (i) to (meth)acrylic acid ester (ii). In one
embodiment, the (meth)acrylic copolymer (B2) has a weight average molecular weight greater than about 30,000 g/mole
as measured by GPC. For example, the weight average molecular weight of the (meth)acrylic copolymer (B2) can be
from about 50,000 to 2,000,000 g/mole as measured by GPC. If the weight average molecular weight of the (meth)acrylic
copolymer is less than about 30,000 g/mole the (meth)acrylic copolymer can bleed out of the resin that can age the
composition and that can result in a sticky texture that can be difficult to use. If the molecular weight of the (meth)acrylic
copolymer (B2) exceeds 2,000,000 g/mole, the viscosity of the (meth)acrylic copolymer(B2) is increased and mixing it
with the PLA can become difficult.
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[0042] In one embodiment where the PLA-containing resin composition is a partially miscible and phase-separated
system blend, a (meth)acrylic-based graft copolymer or a (meth)acrylic-based block copolymer may be used in combi-
nation so as to stabilize the phase separation structure.
[0043] Suitable (meth)acrylic-based graft copolymers can include, but are not limited to, various copolymers of a PLA
and a (meth)acrylic polymer. Examples thereof include, but are not limited to, a (meth)acrylic-based graft copolymer
where a PLA with a molecular weight of about 2,000 g/mole or more is dendritically bonded as a graft chain (branched
chain) to the molecular main chain mainly comprising the polymeric reaction product of a (meth)acrylic ester. The PLA
can be the same as the above-described PLA or, if desired, a PLA of another type may be used. PLAs are often highly
surface active when the molecular weight is 2,000 g/mole or more, so the original function of the (meth)acrylic copolymer
(B2) can be effectively brought out. Also, the graft chain comprising the PLA can play a role of minimizing breakdown
of the phase-separated structure formed by the PLA and the (meth)acrylic copolymer. Examples of the (meth)acrylic
acid ester of the main chain may include, but are not limited to, the polymeric reaction product of a (meth)acrylic acid,
a 2-hydroxyethyl (meth)acrylate, a glycidyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acrylate, a (meth)acrylic acid
ester represented by one of formulas (I), (II), or (III), and combinations thereof.
[0044] Suitable (meth)acrylic-based block copolymers can include, but are not limited to, various block copolymers of
PLA and a (meth)acrylic polymer. The PLA can be the same as the above-described PLA or, if desired, a PLA of another
type may be used. The (meth)acrylic polymer is an optional polymer derived from a (meth)acrylic acid ester or other
acrylic monomers. Examples of the (meth)acrylic acid ester and other acrylic monomers include, but are not limited to,
a (meth)acrylic acid, a 2-hydroxyethyl (meth)acrylate, a glycidyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acrylate,
a (meth)acrylic acid ester of one of formula (I), (II), or (III), and combinations thereof. In some embodiments, the
(meth)acrylic-based block copolymer can function as a compatibilizer.

Formation of (Meth)acrylic Copolymer

[0045] In one embodiment, a (meth)acrylic copolymer can be produced by a solution polymerization method, as is
known to one of skill in the art. In another embodiment, the (meth)acrylic copolymer can be produced using a non-solvent
polymerization method. Such a method could be considered more environmentally friendly than a solvent based method
and advantageously does not significantly adversely affect the optical properties of articles formed from the composition.
[0046] The method of producing the (meth)acrylic copolymer can include combining (a) a monomer mixture capable
of forming the (meth)acrylic copolymer upon polymerization by exposure to a transmissive energy and (b) a packaging
film for packaging the monomer mixture. The monomer mixture typically comprises a methyl (meth)acrylate (i) and at
least one (meth)acrylic acid ester (ii). The packaging film comprises PLA as a main component and is at least partially
transparent to the transmissive energy. The method further includes exposing the combination of the monomer mixture
and the packaging film to the transmissive energy, thereby forming the (meth)acrylic copolymer upon polymerization of
the monomer mixture.
[0047] A monomer mixture for use in this method includes a methyl (meth)acrylate (i) and at least one (meth)acrylic
acid ester (ii), and may further optionally include a PLA or other resins that are compatible with the methyl (meth)acrylate
(i) and the (meth)acrylic acid ester (ii). By including a PLA or other resins that are compatible, it becomes possible to
increase the viscosity of the monomer mixture. The increased viscosity of the mixture can enhance handling properties
of the monomer mixture.
[0048] In one embodiment, the monomer mixture also includes a photo-initiator suitable for such polymerization proc-
esses. Photo-initiators that are commonly known to those of skill in the art can be utilized herein. Examples of useful
photo-initiators include, but are not limited to, substituted acetophenones such as benzyldimethylketal and 1-hydroxy-
cyclohexyl-phenylketone; substituted alpha-ketones such as 2-methyl-2-hydroxypropynophenone; benzoin ethers such
as benzoin methylether and benzoin isopropylether; substituted benzoin ethers such as anisoin methylether; aromatic
sulfonylchlorides; photoactinic oximes; and others. In one embodiment, the photo-initiators may be used in an amount
of about 0.001 to 5.0 parts by weight, based on 100 parts by weight of the total amount of the monomer mixture. In
another embodiment, the photo-initiator may be used in an amount from about 0.01 to 5.0 parts by weight, based on
100 parts by weight of the total amount of the monomer mixture. In yet another embodiment, the photo-initiator may be
used in an amount from about 0.1 to 0.5 parts by weight, based on 100 parts by weight of the total amount of the monomer
mixture.
[0049] A monomer mixture, as utilized herein, generally has a viscosity that is suitable to be combined with the
packaging film. In one embodiment, the viscosity of the monomer mixture is generally less than about 50,000 cps at 25
°C. In another embodiment, the viscosity of the monomer mixture is generally less than about 5,000 cps at 25 °C.
[0050] In one embodiment, the packaging film may be a sheet or film as would be known to one of skill in the art. In
another embodiment, the packaging film is a biaxially oriented film of crystalline PLA, or a multi-layer film, such as a
two-layered or three-layered film comprising a biaxially oriented film of crystalline PLA and a film of amorphous PLA
applied on one surface or both surfaces of the biaxially oriented film of crystalline PLA. In embodiments where a biaxially
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oriented film of crystalline PLA is utilized, elution of the crystalline PLA into the acrylic polymer or melting of the PLA
film with increased temperature (during exposure of the monomer mixture to transmissive energy) can be minimized.
[0051] The step of combining the monomer mixture with the packaging film can be carried out by any method known
to those of skill in the art. In one embodiment, the monomer mixture can be combined with the packaging film by
completely surrounding the monomer mixture with the packaging film, substantially surrounding the monomer mixture
with the packaging film, providing the monomer mixture on a surface of the packaging film, or disposing the monomer
mixture between two sheets of the packaging film. In embodiments where the monomer mixture is substantially or
completely surrounded with the packaging film, or where the monomer mixture is provided on a surface of the packaging
film, the liquid (meth)acrylic monomers and the resulting (meth)acrylic copolymers, which are usually tacky after polym-
erization are easier to handle.
[0052] In another embodiment, the monomer mixture and the packaging film are prepared in discrete steps. The
packaging film used herein can be a rectangular or cylindrical small pouch capable of being filled with the monomer
mixture. In one embodiment, the packaging film is generally a film having a thickness of about 0.01 to 0.25 mm. In one
embodiment, the packaging film is generally about 0.5 to 20 percent by weight, based on the total amount of the monomer
mixture and the packaging film. For example, the packaging film can be about 1 to 15 percent by weight, based on the
total amount of the monomer mixture and the packaging film. If desired, the packaging film may contain optional additives
that do not substantially adversely effect the transmission of the transmissive energy through the film, or other desired
properties of the composition or resulting films or articles.
[0053] The pouch of the packaging film is filled with the monomer mixture that can be added, for example, from a
hopper. The filling amount of the monomer mixture can vary depending on the content and size of the packaging film,
but generally is in the range of about 0.1 to 500 grams.
[0054] After the monomer mixture is combined with the packaging film, the combination is irradiated with transmissive
energy to start the polymerization of the monomer mixture. In one embodiment, the transmissive energy is ultraviolet
(UV) radiation. The type of radiation and the conditions of radiation are not generally limited, and would be known to
one of skill in the art, having read this specification. For example, the monomer mixture can be converted to the corre-
sponding (meth)acrylic copolymer by exposing the monomer mixture to the UV radiation (for example, a UV light) having
a wavelength or wavelengths of the emission spectrum of about 280 to 400 nm and an average intensity of about 0.1
to 25 mW/cm2. In one embodiment, temperature can be controlled during the polymerization process. This can be
accomplished, for example, by spraying cool air around the packaging film containing the monomer mixture, or by dipping
the packaging film containing the monomer mixture in a water bath or a heat transmission medium. For example, the
packaging film can be dipped in a water bath having a liquid temperature of about 5 to 90° C to prevent the reaction
from occurring at undesirably high temperatures.
[0055] When a pouch is utilized, the filled pouch can be irradiated with UV radiation (for example) from the outside of
the pouch. The radiation is generally suitable for the polymerization of the monomer mixture. The wavelength, intensity
and other conditions of the UV radiation are those described above, for example. The monomer mixture is polymerized
to form the (meth)acrylic copolymer. The packaging film, in the form of the pouch, can either be removed from the
(meth)acrylic copolymer before the copolymer is combined with the PLA, or the packaging film can be combined with
the PLA. For example, the resulting pouch can be added to and crushed in a hopper, with the contents, (i.e., the
(meth)acrylic copolymer) still in the pouch. The two materials are then melted with heat. The melted product of the
(meth)acrylic copolymer can be melt-kneaded with a PLA and the kneaded product is formed (e.g., shaped) to any
desired configuration. For example, the pellets may be shaped in a T-die to form a sheet-like product.
[0056] This production method of the copolymer can be utilized when the PLA-containing resin composition is produced
from a combination of a (meth)acrylic monomer capable of forming a (meth)acrylic resin composition upon polymerization
during exposure to transmissive energy and a packaging film for packaging the (meth)acrylic monomer that is at least
substantially transparent to the transmissive energy. It is noted that the optical properties of resulting shaped articles
are not substantially adversely affected when a film-shaped article is produced by the polymerization of the (meth)acrylic
monomer followed by melt-kneading of the PLA and the (meth)acrylic resin composition packed in the packaging film.
[0057] The above-mentioned production method for the (meth)acrylic copolymer is not restricted to the production of
the PLA-containing resin composition, and it can be applied to the production of other (meth)acrylic resin compositions.
[0058] An exemplary method for the production of the (meth)acrylic copolymer can be found in the disclosure of WO
97/33945.

PLA-Containing Resin Compositions

[0059] The PLA and the (meth)acrylic copolymer may be completely or almost completely miscible, which is also
referred to as being compatible with each other or constituting a miscible and single phase system blend. The PLA and
the (meth)acrylic copolymer may also constitute a partially miscible and phase-separated system blend where these
two members are present in more than a single phase and are partially miscible, also referred to as being partially
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compatible. Whether the composition is a miscible and single phase system blend or a partially miscible and phase-
separated system blend can be determined by measuring the glass transition temperature (Tg) of the composition. More
specifically, if one Tg is observed during the Tg measurement using a differential scanning calorimeter (hereinafter
referred to as "DSC"), this composition is miscible and a single phase system exists. On the other hand, if two glass
transition temperatures are observed during the Tg measurement using DSC, the composition is partially miscible and
phase-separated system exists.
[0060] The partially miscible and phase-separated system blend has a phase separation state that could be considered
a "co-continuous structure". A "co-continuous structure" refers to a system where the partially miscible and phase-
separated system blend sometimes has a continuous structure formed by the PLA and the (meth)acrylic copolymer
together. Alternatively, the partially miscible and phase-separated system blend has a phase separation state that could
be considered an "island in a sea structure". An "island in a sea structure" refers to a structure where the fine particulate
(meth)acrylic copolymer (island) is almost uniformly dispersed in the PLA matrix (sea); or conversely, the fine particulate
PLA (island) is almost uniformly dispersed in the (meth)acrylic copolymer matrix (sea). If the components are at least
partially miscible, the miscible fraction may help to make the immiscible fraction of the blend compatible with the remainder
of the blend. In one embodiment, a phase separation state of partially miscible or immiscible components can be stabilized
by further adding a (meth)acrylic-based graft copolymer or a (meth)acrylic-based block copolymer.
[0061] The Tg of the PLA-rich phase and/or the Tg of the (meth)acrylic copolymer-rich phase in a partially miscible
and phase-separated system blend are each shifted from the Tg of the pure components. This reveals that the (meth)acryl-
ic copolymer is partially miscible with the PLA-rich phase, the PLA is partially miscible with the (meth)acrylic copolymer-
rich phase, or both. In one embodiment, the Tg is generally shifted about 3° C. In another embodiment, the Tg is generally
shifted about 3.5° C. In yet another embodiment, the Tg is shifted about 4° C. Therefore, in one embodiment where a
resin composition is in the "partially miscible" state, there are two Tg values, one derived from the PLA and one derived
from the (meth)acrylic copolymer, and at least one of those Tg values is shifted towards the other Tg value.
[0062] In PLA-containing resin compositions described herein, the PLA and the (meth)acrylic copolymer may be mixed
at various blending ratios. The blending ratio of the PLA and the (meth)acrylic copolymer is generally from 95:5 to 50:50
(by weight of PLA to (meth)acrylic copolymer). In one embodiment where elongation properties of an article formed from
the composition are considered important, a blending ratio from 95:5 to 70:30 (by weight of PLA to (meth)acrylic copol-
ymer) can be utilized. In another embodiment, a ratio from 95:5 to 60:40 (by weight of PLA to (meth)acrylic copolymer)
can be utilized. If the amount of PLA exceeds 95 percent, the shaped article can be hard or brittle. Conversely, if the
amount of (meth)acrylic copolymer exceeds 50 percent, the PLA is no longer the main component, which would somewhat
frustrate the purpose of utilizing a "plant-based" renewable resource.
[0063] PLA-containing resin compositions as disclosed herein may also optionally contain an additive or additives in
addition to the PLA and the (meth)acrylic copolymer. Examples of additives which can be added to the PLA-containing
resin composition include, but are not limited to, fillers, pigments, nucleating agents, antioxidants, heat stabilizers, light
stabilizers, antistatic agents, foaming agents, and flame retardants. Specific additives and amounts thereof would be
known to one of skill in the art, having read this specification. Specific non-limiting examples of these additives include
fillers such as calcium carbonate, clay, carbon black, and an impact-resistant core/shell-type particle; and pigments such
as titanium oxide, metallic pigments and pearl pigments. Such additives may be added in amounts that would not
adversely affect desired characteristics of the compositions or articles formed therefrom.
[0064] PLA-containing resin compositions as disclosed herein comprise a mixture of PLA, a (meth)acrylic copolymer,
and optional additives. The compositions can generally be prepared by mixing the components using known methods.
Appropriate mixing methods may be selected by considering the amounts and properties, for example, of the components
to be mixed. Examples thereof include, but are not limited to, methods of mixing the components through the use of a
solvent, and methods of mixing the components through the use of heat-melting.
[0065] PLA-containing resin compositions as disclosed herein may be formed into articles having various shapes by
known methods for forming articles. For example, first the PLA and the (meth)acrylic copolymer are mixed together with
any optional additives, either by dissolving them in solvent or melt-kneading them to prepare a PLA-containing resin
composition. From the composition, an article, for example, a film, a sheet, a plate, or a three dimensional article can
be produced from the resin composition by any method known to one of skill in the art, including, but not limited to,
injection molding, extrusion blow molding, extrusion stretch-blow molding, injection blow molding, injection stretch-blow
molding, inflation molding, T-die molding, or the like. In one embodiment, a post-production treatment can be carried
out after the article is formed, exemplary post-production methods include, but are not limited to biaxial stretching,
thermoforming, compression molding, or the like. Alternatively, a PLA-containing fiber may also be produced by process-
ing the PLA-containing resin composition into a fiber by methods known to those of skill in the art.
[0066] Shaped articles prepared as disclosed herein can be advantageously provided in a film or sheet form. A film
and a sheet as used herein are equivalent terms and generally refer to a thin, rectangular article. In one embodiment,
a film has a thickness of about 5 mm (micrometer) to about 3 mm (millimeter). In an embodiment where a shaped article
is formed from a composition as disclosed herein, is stretched a film thinner than 5 mm may also be obtained. A resin
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film may also have a single-layer structure or a multilayer structure that has two or more layers.
[0067] In one embodiment, a resin film can be produced by melt-kneading the PLA and the (meth)acrylic copolymer
(and any optional additives) and then shaping the resulting melt-kneaded product by any method known to those of skill
in the art. Commonly utilized kneading methods can be utilized. For example, for mixing solid raw materials a twin-screw
kneader, a Henschel mixer, a ribbon blender, or the like may be employed. The temperature at the melt-kneading stage
may be varied over a wide range but is generally about 160°C or more. Subsequently, the resulting melt-kneaded product
can be shaped into a film. The method for shaping the resin into a film can be any method known to those of skill in the
art including, but not limited to, T-die molding method, blow molding, and inflation molding.
[0068] In another embodiment, a resin film as disclosed herein may also be produced by using a solution casting
method in place of the above-described melt-kneading method. The solution casting method may be performed by
dissolving the PLA and the (meth)acrylic copolymer together with any optional additives in an appropriate solvent, casting
the obtained resin solution on an appropriate substrate, and drying it.
[0069] Articles that are formed from PLA-containing resins are generally transparent, and are mechanically strong
(i.e. have high tensile strengths, are flexible, and have good elongation properties). Advantageous properties that may
be afforded by a PLA-containing resin composition allow the material to be used in applications where three-dimensional
flowability is desired. For example, the PLA-containing resin film can be utilized as a wall material, decoration film or the
like by using it as a substrate. Or more specifically, by providing a pressure-sensitive adhesive layer on one surface of
the substrate, and if desired, forming an arbitrary layer such as a print layer and topcoat layer on the other surface.

EXAMPLES

[0070] The present disclosure is further described by referring to the examples below, but the present disclosure is of
course not limited by these examples.
[0071] Unless otherwise specified herein, all chemicals were purchased from Wako Pure Chemical Industries, Ltd.,
and were used as received.

Test Procedures

[0072] The weight average molecular weight of each polymer shown below was measured in terms of standard pol-
ystyrene by gel permeation chromatography (GPC).
[0073] The glass transition temperature (Tg) of each polymer shown below was measured under a nitrogen stream
by the DSC method using a differential scanning calorimeter (EXSTAR 6000, Seiko Instruments & Electronics Ltd.).
Specifically, the temperature was decreased to a temperature sufficiently lower than the Tg of the sample (-40 to -80°C),
and this temperature was maintained for 10 minutes. Subsequently, the temperature was elevated at 10°C/min to 250°C
and the glass transition temperature was determined.
[0074] The mechanical properties of resin films were determined. The Young’s modulus (tensile modulus), upper yield
stress, and elongation percentage at break of the resin film were measured using a tensile tester (Tensilon, Model RTC-
1325A, ORIENTEC Co., Ltd.). Strips having dimensions of 30 mm (length) 3 5 mm (width), and a thickness of about
100 mm were utilized to measure the Young’s modulus, upper yield stress, and elongation percentage at break of the
resin films. The measurements were taken at room temperature (25° C) at a pull rate of 10 mm/min, and a distance
between chucks of 20 mm. The measurements were performed three times for each sample, and an average value
thereof was determined and reported.
[0075] The sticking test was performed to evaluate the presence or absence of bleed-out of the (meth)acrylic copolymer
from films formed from PLA-containing resin compositions. The films were stored at room temperature for 1 week and
then pinched between fingertips. The bleed-out of the acrylic copolymer was judged by the presence or absence of
sticking. No sticking meant that the acrylic copolymer (B) was not bleeding out to the film surface.
[0076] The Inherent viscosity (IV) was measured by preparing a test sample of about 0.2 g/dl in ethyl acetate. The
viscosity of the solution, which is proportional to the time it took for the solution to pass through a capillary tube, was
determined in a constant temperature bath controlled at 30°C. The Inherent Viscosity (IV), which is shown in Table 5
below, is calculated as follows: 

[0077] The haze values (%) were measured on a haze meter (Nippon Denshoku Kogyo).
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Materials

[0078]

Polymer (a) - Crystalline Polylactic Acid (PLA): LACEA® H-100 (Mitsui Chemicals, Inc.) was dried before use in a
vacuum oven at 60°C for 24 hours or more. The weight average molecular weight was 140,000 and the glass
transition temperature was 55.5°C.
Polymer (b) - Amorphous Polylactic Acid: LACEA® H-280 (Mitsui Chemicals, Inc.) was dried before use in a vacuum
oven at 60°C for 24 hours or more. The weight average molecular weight was 210,000 and the glass transition
temperature was 54.5°C.
Polymer (c) - Acrylic Copolymer: 70 parts by weight of methyl acrylate and 30 parts by weight of ethyl acrylate were
subjected to free-radical copolymerization in a mixed solvent of ethyl acetate and toluene (50:50 weight ratio). After
the product was coated in a sheet form, the solvent was removed to form the copolymer. The weight average
molecular weight was 280,000 g/mole and the glass transition temperature was - 2.5°C.
Polymer (d) - Acrylic Copolymer: 50 parts by weight of methyl acrylate and 50 parts by weight of ethyl acrylate were
subjected to free-radical copolymerization in a mixed solvent of ethyl acetate and toluene (50:50 weight ratio). After
the product was coated in a sheet form, the solvent was removed to form the polymer. The weight average molecular
weight was 280,000 g/mole and the glass transition temperature was -7.0°C.
Polymer (e) - Acrylic Copolymer: 80 parts by weight of methyl acrylate and 20 parts by weight of n-butyl acrylate
were subjected to free-radical copolymerization in a mixed solvent of ethyl acetate and toluene (50:50 weight ratio).
After the product was coated in a sheet form, the solvent was removed to form the copolymer. The weight average
molecular weight was 290,000 g/mole and the glass transition temperature was - 4.5°C.
Polymer (f) - Acrylic Copolymer: 70 parts by weight of methyl acrylate and 30 parts by weight of methoxyethyl acrylate
were subjected to free-radical copolymerization in a mixed solvent of ethyl acetate and toluene (57.1:42.9 weight
ratio). After the product was coated in a sheet form, the solvent was removed to form the copolymer. The weight
average molecular weight was 270,000 g/mole and the glass transition temperature was - 9.0°C.
Polymer (g) - Acrylic Copolymer: 70 parts by weight of methyl acrylate and 30 parts by weight of methoxytriethylene
glycol acrylate (Biscoat-MTG, Osaka Organic Chemical Industry Ltd.) were subjected to free-radical copolymerization
in a mixed solvent of ethyl acetate and 2-butanone (50:50 weight ratio). After the product was coated in a sheet
form, the solvent was removed to form the copolymer. The weight average molecular weight was 530,000 g/mole
and the glass transition temperature was -20.0°C.
Polymer (h) - Acrylic Copolymer: 70 parts by weight of methyl acrylate and 30 parts by weight of methoxynanoethylene
glycol acrylate (NK Ester AM-90G, Shin-Nakamura Chemical Co., Ltd.) were subjected to free-radical copolymeri-
zation in a mixed solvent of ethyl acetate and 2-butanone (44:56 weight ratio). After the product was coated in a
sheet form, the solvent was removed to form the copolymer. The weight average molecular weight was 100,000
g/mole and the glass transition temperature was -34.0°C.
Polymer (i) - Acrylic Copolymer: 50 parts by weight of methyl acrylate and 50 parts by weight of methoxytriethylene
glycol acrylate (Biscoat-MTG, Osaka Organic Chemical Industry Ltd.) were subjected to free-radical copolymerization
in a mixed solvent of ethyl acetate and 2-butanone (50:50 weight ratio). After the product was coated in a sheet
form, the solvent was removed to form the copolymer. The weight average molecular weight was 490,000 g/mole
and the glass transition temperature was -34.0°C.
Polymer (j) - Acrylic Copolymer: 70 parts by weight of methyl acrylate and 30 parts by weight of phenoxyethyl acrylate
were subjected to free-radical copolymerization in a mixed solvent of ethyl acetate and toluene (50:50 weight ratio).
After the product was coated in a sheet form, the solvent was removed to form the copolymer. The weight average
molecular weight was 250,000 g/mole and the glass transition temperature was - 9.5°C.
Polymer (k) - Acrylic Copolymer: 80 parts by weight of methyl acrylate and 20 parts by weight of phenoxytetraethylene
glycol acrylate (ARONIX M-102, Toagosei Co., Ltd.) were subjected to free-radical copolymerization in methyl ethyl
ketone. After the product was coated in a sheet form, the solvent was removed to form the copolymer. The weight
average molecular weight was 360,000 g/mole and the glass transition temperature was -5.0°C.
Polymer (1) - poly-MA (polymethyl acrylate): Methyl acrylate was subjected to free-radical polymerization in ethyl
acetate and the product was then coated in a sheet form. The solvent was then removed to form the polymer. The
weight average molecular weight was 250,000 g/mole and the glass transition temperature was 12.0°C.
Polymer (m) - poly-nBA (poly-n-butyl acrylate): n-butyl acrylate was subjected to free-radical polymerization in ethyl
acetate and the product was then coated in a sheet form. The solvent was then removed to form the polymer. The
weight average molecular weight was 400,000 g/mole and the glass transition temperature was -54.0°C.
Polymer (n) - MA-oligomer (methyl acrylate oligomer): UMM-1001 (The Soken Chemical & Engineering Co., Ltd.)
was used as purchased. The weight average molecular weight was listed by Soken Chemical & Engineering as
about 1,000 g/mole.
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Polymer (o) - poly-EA (polyethyl acrylate): Ethyl acrylate was free-radically polymerized in a mixed solvent of ethyl
acetate and toluene (50:50 weight ratio). The product was then coated in a sheet form. The solvent was then removed
to form the polymer. The weight average molecular weight was 310,000 g/mole and the glass transition temperature
was -18.0°C.
Polymer (p) - poly-MEA (polymethoxyethyl acrylate): Methoxyethyl acrylate was free-radically polymerized in ethyl
acetate. The product was then coated in a sheet form. The solvent was then removed to form the polymer. The
weight average molecular weight was 480,000 g/mole and the glass transition temperature was -40.5°C.

[0079] Film A was a heat-sealable polyethylene film having a thickness of 40 mm (Seisan Nipponsha, Ltd.).
[0080] Film B was a heat-sealable ethylene-vinyl acetate film having a thickness of 63.5 mm (Consolidated Thermo-
plastics Co.).
[0081] Film C was a heat-sealable biaxially oriented polylactic acid film having a thickness of 35 mm (Palgreen, Thocello
Co.).
[0082] Film D was a heat-sealable two-layered laminated polylactic acid film having a thickness of 75 mm. The film
was produced by laminating a biaxially oriented polylactic acid film having a thickness of 35 mm (Palgreen, Thocello
Co.) and an extruded non-oriented film of an amorphous polylactic acid film having a thickness of 40 mm (H280, Mitsui
Chemicals).
[0083] Film E was a heat-sealable polylactic acid film having a thickness of 37 mm. The film was produced by coating
a heat sealing agent, a polylactic acid resin (Biotech Color HS PL-1, Dainichi Seika Kogyo) at a thickness of 2 mm on a
biaxially oriented polylactic acid film having a thickness of 35 mm (Palgreen, Thocello Co.).
[0084] Film F was a three-layered co-extruded biaxially oriented polylactic acid film having a thickness of 40 mm
(EVLON® EV-HS1, Bi-Ax International Co.) that includes a core layer of a crystalline polylactic acid film with a surface
layer of a heat-sealed polylactic acid on both sides.
[0085] Film G was an extruded non-oriented film of an amorphous polylactic acid film having a thickness of 40 mm
(H280, Mitsui Chemicals).
[0086] Film H was an extruded non-oriented film of a crystalline polylactic acid having a thickness of 40 mm (H400,
Mitsui Chemicals).
[0087] Film I was a three-layered co-extruded biaxially oriented polylactic acid film having a thickness of 40 mm that
includes a core layer of a crystalline polylactic acid film (H400, Mitsui Chemicals) with a surface layer of an amorphous
polylactic acid film (H280, Mitsui Chemicals) on both sides.
[0088] Monomer Mixture 1 was prepared by combining 69.8 parts by weight of methyl acrylate, 30 parts by weight of
methoxy nonaethyleneglycol acrylate (NK ester AM-90G, Shin-nakamura Chemical Co.), 0.2 parts by weight of glycidyl
methacrylate (Blenmer G, Nippon Yushi), 0.3 parts by weight of 2-ethylhexyl thioglycolate, as a chain transfer agent,
and 0.05 parts by weight of Irgacure 651, as a UV radical initiator (Ciba Specialty Chemicals) to prepare a solution of
(meth)acrylate monomer. The resulting monomer solution was bubbled with nitrogen for 10 minutes prior to use.
[0089] Monomer mixture 2 was prepared by combining 69.8 parts by weight of methyl acrylate, 30 parts by weight of
methoxy nonaethyleneglycol acrylate (NK ester AM-90G, Shin-nakamura Chemical Co.), 0.2 parts by weight of glycidyl
methacrylate (Blenmer G, Nippon Yushi), 0.23 parts by weight of 2-ethylhexyl thioglycolate, as a chain transfer agent,
and 0.1 parts by weight of Irgacure 651, as a UV radical initiator (Ciba Specialty Chemicals) to prepare a monomer mixture.

Comparative Example 1 (C1)

[0090] Polymer (a) was melt-kneaded at 220° C for 5 minutes with a MINI MAX MOLDER kneader (Custom Scientific
Instrument Inc.). The kneaded product was hot-pressed at 200°C to obtain a resin film having a thickness of about 100
mm. The formulation is shown in Table 1.
[0091] A sample was prepared from the resin film, and the Young’s modulus, upper yield stress, and elongation
percentage at break of the sample were measured as described above. The results of the measurements are shown in
Tables 2 and 4. The sticking test, as described above, was also performed on the resin film, and the results are shown
in Tables 2 and 4.

Comparative Examples 2 to 10 (C2 - C10)

[0092] The process of Comparative Example 1 was repeated with the exception that differing amounts of Polymers
(a), (1), (m), and (n) were used. The formulations are shown in Table 1.
[0093] The Young’s modulus, upper yield stress, and elongation percentage at break of the samples were measured
as described above. Sticking tests were also performed on all of the samples. The results of these tests are shown in
Table 2 below.
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Examples 1 to 8

[0094] The process of Comparative Example 1 was repeated with the exception that differing amounts of polymers
(a), (b), (g), (h), and (i) were used. The formulations are shown in Table 1.
[0095] The Young’s modulus, upper yield stress, and elongation percentage at break of the sample were measured
as described above. Sticking tests were also performed on all of the samples. The results of these tests are shown in
Table 2 below.
[0096] In Table 1, the Example numbers refer to the formulations given above; the polymers refer to those listed under
Materials above, and the amounts of the polymers are provided in parts by weight.

Table 1

Example 
No.

Polylactic acid (A) (Meth)acrylic Copolymer (B) Other Polymer or Oligomer

Polymer 
(a)

Polymer 
(b)

Polymer 
(g)

Polymer 
(h)

Polymer 
(i)

Polymer 
(l)

Polymer 
(m)

Oligomer 
(n)

C1 100

1 75 25

2 70 30

3 60 40

4 70 30

5 70 30

6 70 30

7 70 30

8 50 50

C2 75 25

C3 70 30

C4 60 40

C5 50 50

C6 40 60

C7 30 70

C8 75 25

C9 80 20

C10 70 30

Table 2

Example 
No.

Glass transition 
temperature, Tg (° C)

Young’s 
Modulus, E (Pa)

Upper Yield 
Point (MPa)

Elongation 
Percentage at Break 

(%)

Sticking 
Test

C1 
(Polymer 

(a))

55.5 1.7 x 109 47.0 20 None

Polymer (b) 54.5 - - - None

Polymer (g) -20.0 - - - Sticking

Polymer (h) -34.0 - - - Sticking

Polymer (i) -36.5 - - - Sticking
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[0097] The PLA-containing resin compositions prepared by blending polymers (g), (h), (i) and (1) and polymer (a)
(Examples 1 to 8 and Comparative Examples 3 to 7 and 10) were compared to the composition having 100% polymer
(a) (Comparative Example 1). The (meth)acrylic copolymer acts as a polymer plasticizer which can impart flexibility.
Conversely, the PLA-containing resin composition prepared by blending polymer (m) with polymer (a) (Comparative
Example 8) has two glass transition temperatures. The two Tg are neither a decreased Tg of polymer (a) nor an increased
Tg of polymer (m). This shows that this resin composition is completely phase separated into two components. Also,
this resin composition does not have a stable phase separation structure, as seen from the bleed-out of polymer (m) to
the surface.
[0098] When comparing the PLA-containing resin compositions prepared by blending polymers (g), (h) or (i) and
polymer (a) with and a composition having 100% polymer (a), it can be seen that the elongation percentage at break is
increased in the blended compositions.
The PLA-containing resin compositions prepared by blending polymer (1) and polymer (a) (Comparative Examples 3 to
7) do not show improvements in the elongation property, except at a ratio of 40:60 (polymer (a) to polymer (1)) over the
composition with 100% polymer (a).
[0099] The PLA-containing resin compositions prepared by blending oligomer (n) with polymer (a) (Comparative Ex-
amples 9 and 10) did not exhibit sticking immediately, but phase separation occurred at room temperature after the film
was aged. The phase separation therefore generated sticking.

(continued)

Example 
No.

Glass transition 
temperature, Tg (° C)

Young’s 
Modulus, E (Pa)

Upper Yield 
Point (MPa)

Elongation 
Percentage at Break 

(%)

Sticking 
Test

Polymer (l) 12.0 - - - Sticking

Polymer 
(m)

-54.0 - - - Sticking

1 15.0 0.81 x 109 41.4 47 None

2 11.5 0.68 x 109 26.0 163 none

3 12.5 0.22 x 109 11.7 358 none

4 15.0 0.45 x 109 22.9 222 none

5 14.5 0.42 x 109 19.6 401 none

6 10.5 0.32 x 109 16.9 352 none

7 17.0 0.62 x 109 29.3 262 none

8 1.0 0.13 x 109 7.9 393 none

C2 40.5 - - - none

C3 37.0 1.12 x 109 45.2 9 none

C4 31.0 1.03 x 109 40.4 10 none

C5 29.5 0.75 x 109 39.1 12 none

C6 18.0 0.55 x 109 29.4 71 none

C7 17.5 0.15 x 109 5.6 32 None

C8 55.5/-49.0* - - - sticking

C9 53.4/32.4* 1.17 x 109 49.8 35 slight 
sticking

C10 51.0/29.5* 0.21 x 109 12.1 223 heavy 
sticking

* Derived from the (meth)acrylic copolymer
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Comparative Examples 11 and 12 (C11 and C12)

[0100] The process of Comparative Example 1 was repeated with the exception that differing amounts of polymer (a),
(o), and (p) were utilized. The formulations are shown in Table 3.
[0101] The Young’s modulus, upper yield stress, and elongation percentage at break of the samples were measured
as described above. Sticking tests were also performed on all of the samples. The results of these tests are shown in
Table 4 below.

Examples 9 to 17

[0102] The process of Comparative Example 1 was repeated with the exception that differing amounts of polymers
(a), (c), (d), (e), (f), (j) and (k) were utilized. The formulations are shown in Table 3.
[0103] The Young’s modulus, upper yield stress, and elongation percentage at break of the samples were measured
as described above. Sticking tests were also performed on all of the samples. The results of these tests are shown in
Table 4 below.
[0104] In Table 3, the Example numbers refer to the formulations given above; the polymers refer to those listed under
Materials above, and the amounts of the polymers are provided in parts by weight.

Table 3

Ex. 
No.

PLA (A) (Meth)acrylic Copolymer (B) Other Polymer

Polymer 
(a)

Polymer 
(c)

Polymer 
(d)

Polymer 
(e)

Polymer 
(f)

Polymer 
(i)

Polymer 
(k)

Polymer 
(o)

Polymer 
(p)

C1 100

9* 75 25

10* 70 30

11 * 60 40

12* 50 50

13* 75 25

14* 75 25

15 75 25

16 70 30

17 70 30

C11 75 25

C12 75 25

* not within the claims

Table 4

Example 
No.

Glass transition 
temperature, Tg (° C)

Young’s 
Modulus, E 
(Pa)

Upper Yield 
Point (MPa)

Elongation Percentage at 
Break (%)

Sticking 
Test

C1 
Polymer 
(a)

55.5 1.7 x 109 47.0 20 none

Polymer 
(c)

-2.5 - - - sticking

Polymer 
(d)

-7.0 - - - sticking



EP 2 001 956 B1

16

5

10

15

20

25

30

35

40

45

50

55

[0105] By comparing the Young’s modulus, upper yield stress, and elongation percentage at break of PLA-containing
resin compositions that include polymers (c), (d), (e), (f), (j) or (k) and polymer (a) (Examples 9 to 17) with a resin
composition that is 100% polymer (a), it can be seen that the flexibility is increased.
[0106] Conversely, the PLA-containing resin compositions that include polymers (o) or (p) and polymer (a) (Compar-
ative Examples 11 and 12) have decreased glass transition temperatures, revealing that these resin compositions are
completely phase separated into two components. Also, the phase separation structure in this composition is not stable
which causes bleed-out of the (meth)acrylic copolymer to the surface. Comparative Examples 11 and 12 also show that
the elongation percentage at break is not improved from a composition having 100% polymer (a).

Examples 18-26

[0107] Pouches were produced by preparing rectangular pieces of Films A to I having a length of 5 cm and a width of
10 cm. Each packaging film was folded in half in such a manner that the heat seal side of the film (if the particular film
had a heat-sealed layer) is on the inside. The lateral ends and bottom end of the film were heat-sealed in an impulse
heater to obtain a rectangular small container (length 5 cm x width 5 cm). Then, 10 g of monomer mixture 1 as prepared
above was added to each container. The upper end of the container was then heat sealed to produce a pouch containing
monomer mixture 1. The temperature of the heat sealing was 90°C for Films A, B, G, H and I, and 110°C for Films C,
D, E and F.

(continued)

Example 
No.

Glass transition 
temperature, Tg (° C)

Young’s 
Modulus, E 
(Pa)

Upper Yield 
Point (MPa)

Elongation Percentage at 
Break (%)

Sticking 
Test

Polymer 
(e)

-4.5 - - - sticking

Polymer 
(f)

-9.0 - - - sticking

Polymer 
(i)

9.5 - - - sticking

Polymer 
(k)

-5.0 - - - sticking

Polymer 
(o)

-18.0 - - - sticking

Polymer 
(p)

-40.5 - - - sticking

9 ** 49.0/4.0* 0.883109 47.4 36 none

10 ** 40.0/2.5* 0.843109 38.8 187 none

11 ** 36.5/2.5* 0.403109 23.4 249 none

12 ** 37.0/3.0* 0.213109 - 393 none

13 ** 42.5/-3.5* 0.703109 32.3 49 none

14 ** 51.0/1.0* 0.613109 24.1 93 none

15 45.0/4.0* 0.693109 28.3 52 none

16 53.5/12.5* 0.863109 37.7 155 none

17 47.5/9.0* 0.733109 35.0 52 none

C11 53.0/-21.5* 0.743109 25.9 18 sticking

C12 52.5/-40.5* 0.793109 31.1 24 sticking

* Derived from (meth)acrylic copolymer (B).
**not within the claims
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[0108] Each of the pouches prepared above were immersed in the bottom portion of a water bath maintained at about
10 to 15°C, and were irradiated with UV radiation at an intensity of about 1.0mW/cm2 for 10 minutes per pouch. The UV
radiation was emitted from a commercially available UV lamp in which about 90 percent of the emitted radiation had a
wavelength of 300 to 400 nm with a peak at 351 nm.
[0109] The inherent viscosity (IV) of the polymerization products produced was determined as described above in
order to ascertain whether or not the polymer was produced. The results are shown in Table 5 below.

[0110] Films A to F and I were heat-sealable and the resulting polymer products showed a stable inherent viscosity
in the range of 0.61 to 0.73 dl/g. Conversely, Films G and H showed leakage of the (meth)acrylate monomer.

Example 27

[0111] A pouch was prepared by forming a rectangle with a length of 4.5 cm and width of 26.6 cm from Film F. The
film was folded in half in such a manner that the heat seal side of the film was on the inside. The lateral ends and bottom
end of the film were heat-sealed to obtain a rectangular small container (length 4.5 cm x width 13.3 cm). Thereafter, 24
g of monomer mixture 2 was added to the container, followed by heat sealing of the upper end of the container to produce
a pouch.
[0112] The pouch was immersed in a bottom portion of a water bath maintained at about 10 to 15°C, and was irradiated
with UV radiation at an intensity of about 4.55 mW/cm2 for 13 minutes per pouch. The UV radiation was emitted from a
commercially available UV lamp in which about 90 percent of the emitted radiation had a wavelength of 300 to 400 nm
with a peak at 351 nm. The polymerization product was separated from the pouch and the inherent viscosity of the
product was determined as described above. The inherent viscosity was 0.74 dl/g .

Example 28-32

[0113] A (meth)acrylic copolymer was prepared using the method of Example 26 and monomer mixture 1. The pack-
aging film in this example was Film A, and it was peeled and removed from the resulting (meth)acrylic copolymer. The
(meth)acrylic copolymer (without the packaging film) was then combined with varying amounts of a separately prepared
resin of a crystalline polylactic acid (LACEA® H-280, Mitsui Chemicals), and varying amounts of different packaging
films (the amounts and identities of all components can be found in Table 6).
[0114] The components were melt-kneaded in a MINI MAX MOLDER kneader (Custom Scientific Instrument Inc.) for
10 minutes at 220° C. Then, the kneaded product was sandwiched between two sheets of a polyimide film having a
thickness of 25 mm (UBE INDUSTRIES, Ltd.) and hot-pressed at 200°C. Films of varying thicknesses (Table 6) were
obtained. The haze values were measured as described above and are reported in Table 6.

Example 33

[0115] A (meth)acrylic copolymer was prepared using the method described in Example 27 and monomer mixture 2.
70 parts by weight of a separately prepared polylactic acid resin (4032-D, Nature Works) was added to a biaxial extruder
(Werner & Pfleiderer) having a diameter of 25mm, and the above (meth)acrylic copolymer including the packaging film
(Film F) was added thereto. The materials were kneaded at 230°C for 6 minutes in the twin screw extruder. Thereafter,

Table 5

Example No. Film used for Packaging Monomer Mixture Inherent Viscosity (dl/g)

18 Film A 0.69

19 Film B 0.61

20 Film C 0.70

21 Film D 0.71

22 Film E 0.73

23 Film F 0.73

24 Film G Leakage of monomer and swelling of film

25 Film H Leakage of monomer and swelling of film

26 Film I 0.61
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the resulting product was formed into pellets. The pellets were sandwiched between two sheets of a polyimide film 25mm
(UBE INDUSTRIES, Ltd.) and were hot-pressed at 200°C. A film of the PLA-containing resin having a thickness of about
100 mm was obtained. The haze value (%) of the resin film was determined as described above and is reported in Table 6.
[0116] The amounts of PLA (H280), (meth)acrylic copolymer, and the packaging film are presented in parts by weight.
The identity of the packaging films can be found in the Materials above.

[0117] The PLA-containing resin films of Examples 28 to 33 all have haze value that are equivalent to that of the PLA-
containing resin films (Comparative Examples 13 and 14) in which the packaging films were removed.
[0118] Conversely, the PLA-containing resin films produced by melt-kneading an olefinic packaging film in place of
the PLA-based packaging film (Comparative Examples 15 and 16) have a low transparency (notably increased haze
values). This is because a non-compatible system was created between the packaging film and the (meth)acrylic co-
polymer, thereby producing a so-called "islands in a sea" structure in which the islands of the olefinic resin can be
scattered in the matrix of the PLA-containing resin, causing scattering of visible light.

Claims

1. A polylactic acid-containing resin composition comprising:

a polylactic acid; and
a (meth)acrylic copolymer having a molecular weight in excess of 30,000, (measured by GPC) wherein said
(meth)acrylic copolymer comprises a reaction product of a monomer mixture comprising:

a methyl (meth)acrylate (i); and
at least one (meth)acrylic acid ester (ii) represented by formulas (II), or (III):

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)

wherein

R1 is -H, or -CH3;
R3 is -CH3, or -CH2CH3;
Ph is -C6H5; and
m and n are each independently an integer that is greater than or equal to 1.

2. The polylactic acid-containing resin composition according to claim 1, wherein the polylactic acid and the (meth)acrylic

Table 6

Example No. PLA (H280) (Meth)acrylic copolymer (B) Packaging film Film Thickness (mm) Haze Value (%)
Identity Amount

28 70 30 Film C 5 165 1.5

29 70 30 Film D 5 290 2.8

30 70 30 Film E 5 300 3.0

31 70 30 Film F 5 275 3.1

32 70 30 Film I 5 280 3.0

33 70 30 Film F 1 100 1.9

C13 100 - - - 110 2.6

C14 70 30 - - 170 2.0

C15 70 30 Film B 5 145 74.3

C16 70 30 Film B 1 170 36.0
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copolymer constitute a miscible and single phase system blend.

3. The polylactic acid-containing resin composition according to claim 2, wherein the (meth)acrylic acid ester (ii) is a
compound of formula (II) wherein m is an integer of 3 or more.

4. The polylactic acid-containing resin composition according to claim 1, wherein the polylactic acid and the (meth)acrylic
copolymer constitute a partially miscible and phase-separated system blend.

5. The polylactic acid-containing resin composition according to claim 4, wherein the (meth)acrylic acid ester (ii) is a
compound of formulae (II), or (III) wherein m and n are each independently an integer of 1 to 3.

6. The polylactic acid-containing resin composition according to any one of claims 1 to 5, wherein the methyl (meth)acr-
ylate (i) and the (meth)acrylic acid ester (ii) are blended at a weight ratio of 95:5 to 30:70 (methyl (meth)acrylate (i):
(meth)acrylic acid ester (ii)) in the (meth)acrylic copolymer.

7. A polylactic acid-containing resin in the form of a sheet, comprising the polylactic acid-containing resin composition
according to any one of claims 1 to 6.

8. A polylactic acid-containing resin in the form of a fiber, comprising the polylactic acid-containing resin composition
according to any one of claims 1 to 6.

9. A method for producing a polylactic acid-containing resin composition described in any one of claims 1 to 6 in which
the (meth)acrylic copolymer is prepared by the steps of:

combining:

a) a monomer mixture capable of forming the (meth)acrylic copolymer upon polymerization by exposure to
transmissive energy, the monomer mixture comprising a methyl (meth)acrylate (i); and at least one
(meth)acrylic acid ester (ii); and
b) a packaging film for packaging the monomer mixture, wherein the packaging film comprises a polylactic
acid as a main component, wherein the packaging film is at least substantially transparent to the transmissive
energy; and

exposing the combination of the monomer mixture and packaging film to the transmissive energy, thereby
forming the (meth)acrylic copolymer upon polymerization of the monomer mixture.

10. The method according to claim 9 wherein the combination of the monomer mixture and the packaging film is carried
out by:

completely surrounding the monomer mixture with the packaging film,
substantially surrounding the monomer mixture with the packaging film,
providing the monomer mixture on a surface of the packaging film, or
disposing the monomer mixture between two sheets of the packaging film.

11. The method according to claim 9 or 10 wherein the packaging film is a biaxially oriented film of crystalline polylactic
acid, or a two-layered or three-layered film comprising a biaxially oriented film of crystalline polylactic acid and a
film of amorphous polylactic acid applied on one surface or both surfaces thereof.

12. The method according to any one of claims 9 to 11 further comprising melt-kneading the polylactic acid and the
(meth)acrylic copolymer without removing the packaging film.

13. The production method according to any one of claims 9 to 12 wherein a transparent polylactic acid-containing resin
composition is obtained.

14. Use of the polylactic acid-containing resin composition according to any one of claims 1 to 6 for the preparation of
a sheet or fiber.
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Patentansprüche

1. Eine polymilchsäure-haltige Harzzusammensetzung, umfassend:

eine Polymilchsäure; und
ein (Meth)acryl-Copolymer mit einem Molekulargewicht über 30.000 (gemessen durch GPC), wobei das
(Meth)acryl-Copolymer ein Reaktionsprodukt einer Monomermischung umfasst, die umfasst: ein Me-
thyl(meth)acrylat (i); und
mindestens einen (Meth)acrylsäureester (ii) gemäß Formel (II) oder (III):

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)

wobei

R1 gleich -H oder -CH3 ist;
R3 gleich -CH3 oder -CH2CH3 ist;
Ph gleich -C6H5 ist; und
m und n jeweils unabhängig eine ganze Zahl sind, die größer als oder gleich 1 ist.

2. Die polymilchsäure-haltige Harzzusammensetzung nach Anspruch 1, wobei die Polymilchsäure und das (Meth)acryl-
Copolymer eine mischbare und einphasige Systemmischung ausmachen.

3. Die polymilchsäure-haltige Harzzusammensetzung nach Anspruch 2, wobei der (Meth)acrylsäureester (ii) eine Ver-
bindung der Formel (II) ist, wobei m eine ganze Zahl von 3 oder mehr ist.

4. Die polymilchsäure-haltige Harzzusammensetzung nach Anspruch 1, wobei die Polymilchsäure und das (Meth)acryl-
Copolymer eine teilweise mischbare und phasengetrennte Systemmischung ausmachen.

5. Die polymilchsäure-haltige Harzzusammensetzung nach Anspruch 4, wobei der (Meth)acrylsäureester (ii) eine Ver-
bindung der Formel (II) oder (III) ist, wobei m und n jeweils unabhängig eine ganze Zahl von 1 bis 3 sind.

6. Die polymilchsäure-haltige Harzzusammensetzung nach einem der Ansprüche 1 bis 5, wobei das Me-
thyl(meth)acrylat (i) und der (Meth)acrylsäureester (ii) in einem Gewichtsverhältnis von 95:5 bis 30:70 (Me-
thyl(meth)acrylat (i) : (Meth)acrylsäureester (ii)) in dem (Meth)acryl-Copolymer gemischt sind.

7. Das polymilchsäure-haltige Harz in der Form eines Flächengebildes, das die polymilchsäure-haltige Harzzusam-
mensetzung nach einem der Ansprüche 1 bis 6 umfasst.

8. Das polymilchsäure-haltige Harz in der Form einer Faser, die die polymilchsäure-haltige Harzzusammensetzung
nach einem der Ansprüche 1 bis 6 umfasst.

9. Ein Verfahren zum Herstellen einer polymilchsäure-haltigen Harzzusammensetzung beschrieben in einem der An-
sprüche 1 bis 6, wobei das (Meth)acryl-Copolymer durch die Schritte hergestellt wird:

Kombinieren:

a) einer Monomermischung, die in der Lage ist, das (Meth)acryl-Copolymer bei Polymerisation durch Aus-
setzen gegenüber übertragbarer Energie zu bilden, wobei die Monomermischung ein Methyl(meth)acrylat
(i) und mindestens einen (Meth)acrylsäureester (ii) umfasst; und
b) einer Verpackungsfolie zum Verpacken der Monomermischung, wobei die Verpackungsfolie eine Poly-
milchsäure als Hauptbestandteil umfasst, wobei die Verpackungsfolie mindestens im Wesentlichen trans-
parent für die übertragbare Energie ist; und

Aussetzen der Kombination der Monomermischung und der Verpackungsfolie gegenüber der übertragbaren
Energie, wodurch bei Polymerisation der Monomermischung das (Meth)acryl-Copolymer gebildet wird.
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10. Das Verfahren nach Anspruch 9, wobei die Kombination der Monomermischung und der Verpackungsfolie durch-
geführt wird durch:

vollständiges Umhüllen der Monomermischung mit der Verpackungsfolie,
im Wesentlichen Umhüllen der Monomermischung mit der Verpackungsfolie,
Bereitstellen der Monomermischung auf einer Oberfläche der Verpackungsfolie oder
Anordnen der Monomermischung zwischen zwei Lagen der Verpackungsfolie.

11. Das Verfahren nach Anspruch 9 oder 10, wobei die Verpackungsfolie eine biaxial orientierte Folie kristalliner Poly-
milchsäure oder eine zweischichtige oder dreischichtige Folie ist, die eine biaxial orientierte Folie kristalliner Poly-
milchsäure und eine Folie amorpher Polymilchsäure, die auf eine Oberfläche oder beide Oberflächen davon auf-
getragen ist, umfasst.

12. Das Verfahren nach einem der Ansprüche 9 bis 11, ferner umfassend Schmelzkneten der Polymilchsäure und des
(Meth)acryl-Copolymers, ohne die Verpackungsfolie zu entfernen.

13. Das Herstellungsverfahren nach einem der Ansprüche 9 bis 12, wobei eine transparente polymilchsäure-haltige
Harzzusammensetzung erhalten wird.

14. Verwendung der polymilchsäure-haltigen Harzzusammensetzung nach einem der Ansprüche 1 bis 6, zur Herstellung
eines Flächengebildes oder einer Faser.

Revendications

1. Composition de résine contenant de l’acide polylactique, comprenant:

un acide polylactique; et
un copolymère (méth)acrylique ayant une masse moléculaire de plus de 30 000, (mesurée par chromatographie
par perméation de gel) dans laquelle ledit
copolymère (méth)acrylique comprend un produit de réaction d’un mélange de monomères comprenant: un
(méth)acrylate de méthyle (i); et
au moins un ester d’acide (méth)acrylique (ii) représenté par les formules (II), ou (III):

CH2=C(R1)-COO-(CH2CH2O)m-R3 (II)

CH2=C(R1)-COO-(CH2CH2O)n-Ph (III)

dans laquelle

R1 est -H, ou -CH3;
R3 est -CH3, ou -CH2CH3;
Ph est -C6H5; et
m et n sont chacun indépendamment un nombre entier qui est supérieur ou égal à 1.

2. Composition de résine contenant de l’acide polylactique selon la revendication 1, dans laquelle l’acide polylactique
et le copolymère (méth)acrylique représentent un mélange à système miscible et monophasique.

3. Composition de résine contenant de l’acide polylactique selon la revendication 2, dans laquelle l’ester d’acide
(méth)acrylique (ii) est un composé de formule (II) dans laquelle m est un nombre entier de 3 ou plus.

4. Composition de résine contenant de l’acide polylactique selon la revendication 1, dans laquelle l’acide polylactique
et le copolymère (méth)acrylique représentent un mélange à système partiellement miscible et séparé en phases.

5. Composition de résine contenant de l’acide polylactique selon la revendication 4, dans laquelle l’ester d’acide
(méth)acrylique (ii) est un composé de formules (II) ou (III), dans laquelle m et n sont chacun indépendamment un
nombre entier de 1 à 3.
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6. Composition de résine contenant de l’acide polylactique selon l’une quelconque des revendications 1 à 5, dans
laquelle le (méth)acrylate de méthyle (i) et l’ester d’acide (méth)acrylique (ii) sont mélangés à un rapport pondéral
de 95:5 à 30:70 ((méth)acrylate de méthyle (i) : ester d’acide (méth)acrylique (ii)) dans le copolymère (méth)acrylique.

7. Résine contenant de l’acide polylactique sous la forme d’une feuille, comprenant la composition de résine contenant
de l’acide polylactique selon l’une quelconque des revendications 1 à 6.

8. Résine contenant de l’acide polylactique sous la forme d’une fibre, comprenant la composition de résine contenant
de l’acide polylactique selon l’une quelconque des revendications 1 à 6.

9. Procédé de production d’une composition de résine contenant de l’acide polylactique décrite dans l’une quelconque
des revendications 1 à 6, dans lequel le copolymère (méth)acrylique est préparé par les étapes consistant à:

combiner:

a) un mélange de monomères susceptible de former le copolymère (méth)acrylique lors d’une polyméri-
sation par exposition à une énergie transmissive, le mélange de monomères comprenant un (méth)acrylate
de méthyle (i); et au moins un ester d’acide (méth)acrylique (ii); et
b) un film d’emballage pour l’emballage du mélange de monomères, dans lequel le film d’emballage com-
prend un acide polylactique à titre de composant principal, dans lequel le film d’emballage est au moins
essentiellement transparent à l’énergie transmissive; et

exposer la combinaison du mélange de monomères et du film d’emballage à l’énergie transmissive, en formant
de ce fait le copolymère (méth)acrylique lors de la polymérisation du mélange de monomères.

10. Procédé selon la revendication 9, dans lequel la combinaison du mélange de monomères et du film d’emballage
est effectuée en:

entourant complètement le mélange de monomères avec le film d’emballage,
entourant essentiellement le mélange de monomères avec le film d’emballage,
fournissant le mélange de monomères sur une surface du film d’emballage, ou
disposant le mélange de monomères entre deux feuilles du film d’emballage.

11. Procédé selon la revendication 9 ou 10, dans lequel le film d’emballage est un film orienté biaxialement d’acide
polylactique cristallin, ou un film à deux couches ou à trois couches comprenant un film orienté biaxialement d’acide
polylactique cristallin et un film d’acide polylactique amorphe appliqué sur une surface ou sur l’une et l’autre des
surfaces de celui-ci.

12. Procédé selon l’une quelconque des revendications 9 à 11, comprenant en outre le malaxage en fusion de l’acide
polylactique et du copolymère (méth)acrylique sans retirer le film d’emballage.

13. Procédé de production selon l’une quelconque des revendications 9 à 12, dans lequel une composition transparente
de résine contenant de l’acide polylactique est obtenue.

14. Utilisation de la composition de résine contenant de l’acide polylactique selon l’une quelconque des revendications
1 à 6 pour la préparation d’une feuille ou d’une fibre.
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